Reduction of green house gas from international shipping shall be put forward. For the reduction, it is important to promote to introduce ships of high energy efficiency to the shipping market. In actual seas a ship decreases her speed not only the deterioration and fouling effect but also by natural forces such as winds and waves. By design technique, ship propulsive performance in actual seas is able to improve. Hence ship propulsive performance in actual seas has much scope to improve the energy efficiency.
Introduction
As industrial development, green house gas is increasing and we are forced to take prompt measures to reduce the gas. In the transport section, shipping is one of the expecting modes with high transport efficiency. However even for shipping section more improvement of energy efficiency is required. In addition international shipping is now out of application of the Kyoto Protocol, though the domestic shipping has an obligation to reduce green house gas. From operation aspect, a ship efficient management plan such as optimization for ship speed, routing, ship handling and fleet management is examined 1) . From design aspect an energy efficient design index is examined. The energy efficient design index, which is on discussion at the Marine Environment Protection Committee, International Maritime Organization, is comprised of engine output, specific fuel consumption, cargo capacity and ship speed 1) . A ship is characterized as she decreases the speed due to winds and waves considerably. Decrease of ship speed makes the operation of the engine prolong, consequently emission of green house gas increases. Thus ship propulsive performance in actual seas shall be improved by design technique.
In order to estimate ship speed in actual seas, it is important to estimate external forces acting on a ship. Especially added resistance in waves is one of the predominant components and it should be estimated with accuracy.
A research project; Development of Technical Appraisal of Environmental Performance for Container Ships, was carried out by Nippon Kaiji Kyokai, Japan Ship Technology Research Association, National Maritime Research Institute, shipping companies, shipbuilding companies and related organs. Relating to the project, Tsujimoto et al. 2) proposed a practical correction method to estimate added resistance in waves with accuracy. The method involves a tank test with different ship speed in short waves of a single wave length.
In this paper a calculation of decrease of ship speed in actual seas is presented. As examples three kind of ship; a container ship, a car carrier and a bulk carrier are examined and the components of external forces acting on the ship are discussed.
2.Calculation Method for External Forces

Sea conditions
For evaluation of ship performance in actual seas, ocean weather condition shall be selected. The ocean weather represents by combinations of following principal parameters; wind speed, wind direction, wave height, wave period and wave direction. The examination of all the combinations is so complicated for calculation and evaluation. The point of the evaluation, however, is that a representative sea condition should be selected, taking into account normal operation patterns of ships. The long-term ocean statistics in North Atlantic Ocean 3),4) and North Pacific Ocean 3), 5) show that the mean of significant wave height ranges from 2.4m to 3.4m, which corresponds to Beaufort number 6, prescribed in Beaufort scale of wind 6) (hereafter we abbreviate it as BF). The representative sea condition is provided in Table 1 based on Beaufort scale of wind.
Mean wind speed ( wind U ) is derived from the median of the scale. Significant wave height ( H ) is taken as the probable wave height prescribed in the scale. Mean wave period ( T ) is determined by Eq.(1), which is derived from a frequency spectrum for fully-developed wind waves 7) .
where T is in second and H is in meter. Mean wind direction ( γ ) and primary wave direction ( θ ) are designated as heading 
), which has the most significant effect on the speed reduction.
As ocean waves are characterized as irregular ones, the directional spectrum should be considered. The directional spectrum ( ) ,
where ω ; circular frequency of regular waves, and α ; encounter angle between ship and regular waves (angle 0deg. is defined as the heading wave direction), S ; wave frequency spectrum, D ; angular distribution function, 02 T ; zero-up crossing period, and Γ ; gamma function.
Ships and the condition
The calculations of decrease of ship speed in the representative sea condition are carried out for a container ship (CON), a pure car carrier (PCC) and a bulk carrier of Panamax size (PXBC). The principal dimensions of the ships are shown in Table 2 . Here MCR is the main engine output at maximum continuous rating.
The assumed ship conditions are summer full load condition, constant main engine output at 75% of MCR and operation in steady navigating condition on the fixed course. 
where The calculated Dwind C are shown in Table 3 . Table 3 Drag coefficient due to wind, bluntness coefficient and coefficient of advance speed in heading waves. ) and added resistance due to
The , a term of draft and frequency ( d α ) 11) , and a term of advance speed
, which is determined by a tank test with different ship speed in short waves of a single wave length. for the three ships are shown in Table 3 . The formula is based on a relation between ) (α U C and
which is derived from the tank tests 2) . Fig.8 shows the empirical relation. In Fig.8 the coefficient of advance speed theoretically derived by Faltinsen et al. 12) is also presented. It is shown that the empirical line is close to another line for full ship region. However the presented method is characterized by counting the effect of the hull form above water line by involving the result of the tank test. Frequency response functions of added resistance in regular heading waves as well as those in oblique waves for the three ships are shown from Fig.11 to Fig.16 . In these figures, for comparison, a dotted line shows the calculation by the conventional formula by Takahashi 13) for the component. .
Added resistance in short crested irregular waves
Added resistance in short crested irregular wave of its primary wave direction is head ( θ =0) is shown from Fig.17 to Fig.19 .
From these figures it is observed that peak period of the response is different from the ship type. The main reason is the difference in ship length, exactly the peak frequency of the response in regular waves, since the wave spectrum is in common. Therefore, the peak period of added resistance in short crested irregular waves of the container ship is larger than that of the PCC/PXBC.
3.Calculation Method for decrease of ship speed in actual seas
Ship speed in actual seas
Ships reduce her own speed in actual seas due to natural forces, such as winds and waves. Thus for calculation of ship speed in various sea conditions, ship resistance induced by winds and waves should be take into account precisely.
The basic procedures in calculating the ship speed and the relation between power and decrease of ship speed are shown in Fig. 9 and Fig. 10 , respectively. Table 4 altogether. From these examinations it is clarified that following factors influence the value of w f ; (1) slope of the power curve in a calm sea condition, (2) added resistance due to winds, and (3) added resistance due to waves. The percentage of winds and waves depends on the ship type and her size.
4.Conclusions
In order to evaluate ship performance in actual seas decrease of ship speed based on a practical correction method for added resistance in waves is presented here. The application to three type of ships shows quite good agreement with the experimental results, so that the robustness of the method becomes clear.
The calculations are carried out for three ships, a container ship, a car carrier and a bulk carrier. The representative sea condition is determined based on the normal operation patterns of ships. The percentage of the components of external forces is examined for the ships. Added resistance due to waves is extremely increased comparing with the added resistance due to winds. Therefore, it is clarified that added resistance in waves should be accurately estimated for calculation of decrease of ship speed.
